Background: Low socioeconomic status (SES) is associated with more adverse perinatal health outcomes, risk factors and lower access to and use of maternal health care services. However, evidence for the association between SES and maternal health outcomes is limited, particularly for middle-income countries like sub-Saharan Ghana. We assessed the association between parental SES and adverse maternal and perinatal outcomes of Ghanaian women during pregnancy, delivery and the postpartum period.
Low socioeconomic status (SES) is associated with lower access to and use of maternal health care services, risk factors and poorer pregnancy outcomes for mother and child.
What did we study? We assessed if there was an association between SES (maternal education, paternal education, wealth and maternal employment status) and adverse maternal and perinatal outcomes of Ghanaian women during pregnancy, delivery and the postpartum period. We studied this in a group of 1010 pregnant women in two public hospitals in Accra, Ghana (2012 Ghana ( -2014 .
What did we find out? The analysis included 790 women with information on pregnancy outcomes. Over a third (n = 292, 37.0%) had low SES and 176 (22.3%) were classified to have high SES using the assets index. Nearly half (n = 374, 47.3%) of women had lower secondary school or vocational training as their highest educational level. Women with low assets SES had a higher risk for miscarriage and instrumental delivery (by vacuum, forceps, or Cesarean section) compared to women with middle assets SES. No other differences were found for any of the maternal or perinatal outcomes.
What do we conclude from these findings? Women who attend public maternal health care services in urban Ghana had comparable -equitable -maternal and perinatal health outcomes. This suggests that the known and previously described relationship between low SES, risk factors and poorer outcomes could be mitigated with universal and accessible maternal health services -as is the case in this setting.
Background
Substantial inequities in maternal and perinatal health exists between and within countries, caused by societal contexts including health care systems and environmental circumstances [1, 2] . Within the Sustainable Development Goals (SDGs), improving maternal health (SDG 3.1), perinatal health (SDG 3.2) and reducing inequalities (SDG 10) are important priorities [3] . Yet, in many low-and middle-income countries (LMICs), substantial efforts will be required to achieve the SDGs' ambitions by 2030.
Socio-economic status (SES) is the relative societal position of a person within a particular population [2] . Commonly used indicators of SES are level of education, employment, income and wealth [4] . Low SES is associated with increased exposure to health risks, lower access to and use of health care and poorer health outcomes [2] . Globally, maternal mortality ratios differ substantially between and within countries due to differences in SES [1] . Between global regions, maternal mortality ratios range between 12 (range [11] [12] [13] [14] per 100.000 live births for high-resource settings and 546 (range 511-652) in sub-Saharan Africa in 2015 [5] . Similarly, within countries women with a high SES often have better maternal and perinatal health outcomes [1] .
The mechanisms in which socio-economic status affects health are related to health seeking behavior, differences in quality of care received and a priori risk differences [6] . Higher educated women are more likely to know better when and how to seek appropriate health care compared to women with lower education [7] . Women who are poor and have lower or no education have lower antenatal, facility-based delivery and postnatal attendance rates, and receive less often care from skilled health workers, such as midwifes [6, 7] A priori risk differences by SES could be due to varied exposures to smoking, substance abuse, nutritional status, occupational health hazards or domestic violence across SES groups [6, 7] .
Women with a lower SES are at increased risk of adverse perinatal outcomes including preterm birth, low birth weight, intra-uterine growth restriction, asphyxia and neonatal mortality [1, [8] [9] [10] [11] [12] [13] . As preterm birth is the main cause of perinatal mortality and morbidity [8, 11] , and premature babies are at increased risk of behavioral problems, respiratory and gastrointestinal complications and neurodevelopmental impairments including cerebral palsy, mental retardation and sensory deficits [11] , SES affects health outcomes across generations.
While associations between low SES, maternal health services use as well as perinatal health outcomes are established [1] , the evidence on the impact of low SES on maternal outcomes is relatively limited, especially in low-and middle income country setting [11, 12, 14] . Therefore, this study aimed to explore the influence of SES on maternal and perinatal outcomes in an urban region in a middle-income country, Ghana.
Methods

Study design and setting
This prospective cohort study was developed to assess factors related to maternal and perinatal outcomes of pregnant Ghanaian women, as described in detail elsewhere [15, 16] . Ghana has maternal mortality of 219 per 100.000 live births in 2015 and is classified as a middle-income country with an above median Human Development Index [17, 18] . The study was conducted at two outpatient departments (OPDs) of public hospitals in Accra, Ghana: the Maamobi General Hospital and Ridge Regional Hospital.
The Accra Metropolis is one of the local government districts of the Greater Accra Region of Ghana. The Greater Accra Region is the most densely populated region in Ghana and 90% urban, compared to 50% national urban residence [19] . The population growth in Accra is the highest in the country -primarily through migration for relatively better employment opportunities and the region has the lowest number of children born per woman. The Greater Accra Region has the lowest poverty levels in the country. Pregnant women in Ghana receive universal health insurance through the national health insurance scheme (NHIS) [20] .
Participants
Data from 1101 adult women were collected in the Accra Metropolis in Ghana from July 2012 to March 2014. Women were eligible for participation if they were over 18 years old, less than 17 weeks pregnant. Women with known pre-existent hypertension were excluded, because the initial aim of the cohort was to assess the incidence of gestational hypertension.
Main exposure variable of interest
Inequities in health outcomes were assessed based on participants socio economic status (SES). Four proxies were used to estimate SES: maternal and paternal education, wealth index and employment status. Level of maternal and paternal education was classified into: (1) no education or primary school, (2) lower secondary school or vocational training, and (3) senior secondary school, professional school or higher tertiary education. This classification was both conceptually and data driven (i.e. sufficiently large categories of women whose education level was considered comparable). An asset (or wealth) index (range of − 10 to 20) was obtained through a principle component analysis (PCA) of various household assets and household characteristics. As such, the index estimates the relative wealth of a household by looking at their living conditions and items the household owns, allowing for differentiation of SES status within this population as described by Vyas and Kumaranayake [21] . The variables included in the PCA were presence and quantity of: irons, refrigerators, televisions, VCDDVD set, radio, landline phone, mobile phone, computer, generator, fan, mattresses or beds, watch/ clock, sewing machine, modern stove, bicycle, motorcycle, car or truck and bednets. Household characteristics were also included in the PCA: whether any of the household members owned the house, the number of rooms in the house, materials of floors and roof, kind of toilet facilities, fuel used for cooking and where the household accessed water. The index was both used as a continuous variable and categorized according to quintiles: (1) low (lowest two quintiles), (2) middle (third and fourth quintiles), and (3) high (highest quintile), as described elsewhere [15, 16] . Employment was classified into (1) informal sector employment and (2) formal sector employment.
Other exposure variables: demographics and anthropometryOther covariates included woman's age in years; body mass index (BMI) (m/kg 2 ) based on measured weight and height; parity (0-1, 2-3, ≥4); gestational age based on ultrasound: first trimester (< 13 weeks), second trimester (≥13 weeks); area of birth (Ghana urban, Ghana rural, West African country); area of residence (Accra metropolitan area, other urban area, peri-urban and rural area); ethnicity (Akan, Hausa, Ewe, Ga Ga-Dangme, other); religion (Christian, Islam) and marital status (single or widowed, married, engaged or living together).
Outcomes
Maternal outcomes measurements and classifications
Gestational hypertension (GH) was defined according to the ISSHP definition as "a systolic blood pressure ≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg after 20 weeks gestation, measured twice, with women who previously had normal blood pressure" [22] . Blood pressure was measured according to Korotkov V according to hospital protocols [15, 16] . Pre-eclampsia (PE) was defined as "the combination of pregnancy induced hypertension with proteinuria (≥300 mg/ 24 hours), or minimal 1+ on a dipstick" [22] . Because of the low numbers of women GH and PE in the cohort, these two outcomes were combined and further referred to as hypertensive disorders (yes/no) of pregnancy.
Postpartum hemorrhage (PPH) was defined as 'blood loss more than 500 ml in the first 24 h after delivery [23] . The total blood loss was visually estimated by the midwives of the two hospitals. PPH was categorized into two groups based on the estimated amount of blood loss; < 500 ml and ≥ 500 ml.
Maternal mortality was defined as "direct mortality due to complications of pregnancy, delivery, and puerperium".
Mode of delivery was defined as either spontaneous vaginal delivery or instrumental delivery including cesarean section (CS) and assisted delivery (vacuum or forceps). Because of the low numbers of cesarean and assisted delivery, these categories were combined to allow for higher numbers of women per category.
Perinatal outcomes
WHO definitions were used for miscarriage, perinatal mortality, stillbirth, and preterm birth, as previously described [15, 16] . Apgar score was evaluated at 5 min after birth based on heart rate, respiratory effort, muscle tone, reflex irritability, and skin color. A score of ≥7 was considered normal. Birth weight was analyzed both as continuous and categorical variables (low birth weight (< 2500 g), normal birth weight (≥2500 and ≤ 4000 g), or macrosomia (> 4000 g)).
Data sources
Women were recruited at the their first antenatal care (ANC) visit, where baseline independent variable data was collected by seven trained research assistants. The assistants used a structured questionnaire for socio-demographic characteristics (area of birth, area of residence, ethnical groups, religion and marital status), socio-economic characteristics (level of education, economic activity, assets, and household characteristics), and health status including obstetric history. Pregnancy outcomes, both maternal and neonatal, were obtained from the patient registers available at the two participating hospitals. The information contained in the antenatal record books (which women keep themselves throughout their pregnancy) was also used for prenatal information. Data collection occurred at enrolment, after delivery and at 6 weeks postpartum during the postnatal visit. Prior to the start of the study, questionnaires were validated.
Data was entered by trained data clerks using EpiDataEntry software (EpiData Association, Odense, Denmark, 2010). The data was validated by double entry and checked for missing data.
Data analysis
Participant characteristics were analyzed descriptively with frequencies (%) and means (standard deviation, SD) where appropriate, by categories of SES. Group (SES) differences were assessed by chi-square test (or Fisher's exact) and one-way ANOVA for categorical and continuous variables respectively.
Depending on the type of outcome variables (binary or continuous), logistic or linear regression analyses were used. Odds ratios (OR) and linear coefficients with corresponding 95% confidence intervals (CI) and two-sided p-values were respectively reported. In adjusted models, regression analysis were controlled for maternal age and body mass index (BMI). For SES estimates with multiple levels, the middle SES group was used as reference. For all analyses, participating women had to have at least one recorded maternal or perinatal outcome. If not, women were considered loss to follow up and not included in the analysis. Missing data was considered missing completely at random (MCAR) and completecase analysis performed. All analyses were performed using IBM SPSS Statistics version 22 [24] .
Ethics
This study was approved by the Ghana Health Services Ethical Review Committee (GHS-ERC 07/9/11). All participants provided (written or thumb-printed) informed consent.
Results
Of all enrolled 1010 women, SES information was available. For 790 women there was at least one outcome measurement available (Fig. 1) , thus 21.8% were considered lost to follow-up. No significant differences were seen in the general characteristics of women who were included in the study as compared to those who were excluded or lost to follow up. Table 1 presents pregnancy, demographic and socioeconomic characteristics of participants. Over a third (n = 292, 37.0%) of women had low SES, 176 (22.3%) were classified to have high SES using the assets index. Nearly half (n = 374, 47.3%) of women had lower secondary school or vocational training as highest education level. The majority of women in the study (69.9%) were pregnant for either the first or second time. Women with a low SES were on average younger, more often in their second trimester at antenatal booking, more often originally from rural areas, currently residing in the Accra metropolis, less likely from Akan and Ga ethnic groups, and less likely to be married.
Perinatal and maternal outcomes
Perinatal and maternal outcomes are shown by SES categories in Table 2 . Among the participants, one maternal death (0.1%) occurred with an unknown cause. Out of 790 women analysed, 88% delivered spontaneous vaginally (n = 654), without complication and at term (preterm birth: 8%). About 17% (n = 136) experienced miscarriage and 1% (n = 11) perinatal mortality. The birth weight was on average 3122 g (SD 495.43), with 7% (n = 54/782) categorized as low birth weight and 5% (n = 42) as macrosomic. Nearly all infants had a good Apgar score (95%, 572/597). No associations between SES and maternal or perinatal outcomes were observed, except for a trend for miscarriage with lower SES (p = 0.07).
The associations between SES (as measured by household assets/wealth) and maternal and perinatal outcomes are shown in Table 3 . Compared to women with middle SES, women with a low SES had an increased risk to have a miscarriage (adjusted odds ratio, aOR 1.61, 95% CI 1.06 to 2.45). For women with a low SES, instrumental delivery occurred more often compared to women Fig. 1 Flowchart of inclusion of participants in this cohort study with middle SES (aOR 1.74, 95% CI 1.03 to 2.94). For other maternal and perinatal outcomes no significant differences occurred.
For the other proxies of SES (Additional file 1: Tables S1, S2 and S3) for maternal education, paternal education and employment, associations were inconsistent. No association between maternal education or employment status, but a higher level of paternal education was associated with a trend towards an increased risk of hypertensive disorders of pregnancy (aOR 1.71, 95%CI 0.98-2.98).
Discussion
This study shows an increased risk for miscarriage and instrumental or CS delivery for women with a low SES estimated by wealth status compared to middle SES. No further associations between other socio-economic status proxies and maternal and perinatal outcomes in this urban population of Ghanaian women attending the public health facilities for antenatal health in the first half of their pregnancy were observed. (25) 86 (21) 28 (14) 157 (20) 66 (23) 65 (20) 26 (15) Previous studies have observed differences in particularly SES and use of antenatal care, facility based delivery and postnatal care, as well as associations between SES and perinatal outcomes [1] . How these translate in actual health outcomes have been less intensively studied. An explanation for the lack of consistent direction of this study (i.e. adverse outcomes associated with SES) could be the context-specific characteristics in Ghana, which may promote equity in outcomes. Ghana is a middle-income country and this study was conducted in an urban area with quality health services available, reflected in high overall ANC attendance and facility-based delivery rates. However, when disaggregated into SES levels -skilled delivery and ANC attendance are lower for low and middle SES women compared to high SES women: 35% vs 100% and 75 vs 100%, respectively. All women in Ghana receive insurance during their pregnancy, which has previously been shown to be associated with a higher maternal health services use across SES status [20] . As such, it is possible that the Ghanaian public health services mitigate against the translation between inequities in socio-economic status to inequities in maternal and perinatal outcomes.
Other studies conducted about the association between SES and maternal and perinatal health outcomes in Ghana showed varying observations: a previous WHO study showed few differences between no education and secondary or higher education on infant mortality [2] . Another cross-sectional study performed in (peri-)urban Cape Coast, Ghana observed pronounced differences of SES (defined as area of residence, education and income) on birth weight in a cohort of 559 women. This was associated with a 292 g (95% CI, − 440 to − 145) reduction in birth weight at a mean birth weight of 3026.7 g [11] . Similarly, another sub-Saharan African country retrospective study among 11,872 participants from predominantly rural Ethiopia observed that having a higher education level and high household income was a protective factor against getting a low birth weight baby with respectively 
Birth weight (g) (n,%) < 2500 782 54 (7) 22 (8) 18 (6) 14 (8) ORs between 0.42 (95% CI, 0.29 to 0.59) and 0.22 (95% CI, 0.00 to 0.50) [25] . The differences in area of residence and/or health care system between the study populations in these studies may explain the different results, and could be explored in future research. Our finding that the risk of miscarriage in this study was significantly related to SES by assets -but not by other proxies, we cannot readily explain. One possible explanation could be that women with low SES in urban settings are more exposed to psychosocial stress as a result of poverty. An association between psychosocial stress and miscarriage was recently described [26, 27] . In addition, most low SES women were migrants from rural areas, are of other ethnic groups (slightly more Akan and Ga/Ga-Gangme in high SES group), with low educational level and are therefore more likely to be engaged in labour intensive occupations, which may have exposed them to a risk to miscarry. The overall rate of miscarriage in our study (17%) is higher than previously reported in the Ghana Maternal Health Survey of 2017 (12%) [28] , possibly a reflection of the early gestational age enrolment of this prospective cohort (< 17 weeks of gestation), compared to the average gestational age at first antenatal visit (> 20 weeks).
We choose to approach equities in health outcomes by assessing how various maternal health outcomes differ between various socio-economic groups. Although beyond the scope of these analyses, it should be considered that other determinants, such as based on demohraphy and geography, can also result in inequities in health. SES was approached with various proxies as these may measure different and complimentary aspects. Assets are considered a more long-term indicator of wealth, and less volatile than income, especially in populations with a high prevalence of informal sector labor [29, 30] . Although education is similarly a 'longer acting' proxy, higher levels of education do not always translate to higher household wealth with high levels of (youth) unemployment. One other possible reason why specifically assets were associated with increased risk of miscarriage could be related to the lifestyle and household factors such as the use of biomass fuel or charcoal as cooking fuels [11] .
Strengths and limitations
A strength of this study is the large size of the cohort with 1010 women enrolled in early pregnancy and a high study completion rate of about 80% -reflecting extensive efforts of this study to follow women up. As previously reported, women lost to follow up were more likely to be nulliparous and with a lower SES, and if these would have had a higher risk of adverse events -the results could have been attenuated in this study. Similarly, women who experienced a miscarriage may also more likely to report back, resulting in a higher attrition of women with this adverse outcome in the overall study. The data was prospectively collected, which reduces the risk of selection bias, and there was optimal control of data measurement and registration because of the questionnaires that was linked to health services provision. Women were included in early pregnancy, allowing for an assessment of their health status in early pregnancy. And whilst status of SES can change over the course of pregnancy (i.e. wealth), the combination of various SES proxies and consistency of results, suggest validity of the observations. A particular strength is that this study is one of few studies investigating the association between SES and maternal and perinatal outcomes in a middle-income country with a low prevalence of (second-hand) smoking (< 1% of women) [31] . As smoking is among one of the strongest mechanisms between SES and health outcomes, our study allowed for an unconfounded assessment in this regard. Some considerations must be made in the interpretation of the results. The population enrolled in this study attended antenatal care relatively early (< 17 weeks pregnancy) for Ghanaian standards. This could have affected the results in two directions: women more aware of recommendations about early first antenatal care (and possible general advice about healthy pregnancies) visits may have been overrepresented in our population. As some outcomes occurred rarely, for example maternal death, this could therefore not be analyzed. Another limitation may be that relatively few women with extreme exposure of low SES were included: this study only included women who attended ANC services, excluding those who did not enroll in ANC services due to lack of money, access to transport or who attended much later in pregnancy. However, with advent of NHIS and the context of Accra, even for women with low SES, barriers to access ANC services or transportation are relatively low [32] . Similarly, women with high SES may prefer go to a private hospital with better health care facilities. Although this limits the generalizability of the findings beyond an urban area in middle-income countries with relatively good public health facilities, the results do show how equity can be promoted within this system.
Conclusion and recommendations
This study suggests that improved access to maternal healthcare as provided under the Ghana NHIS is associated with equity in maternal health outcomes overall in urban Ghana. A higher risk of miscarriage and instrumental delivery was observed with low SES based on assets. However, as the population of the study was limited to women attending public antenatal care in a highly urbanized area, those with a low SES and at the highest SES categories may have been precluded. This study was not large enough to assess the impact on rarer pregnancy outcomes such as severe morbidity and maternal or perinatal death and this could be an area of continued research. In addition, future research could explore the mechanisms to promote equity within in a health care system.
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